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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
device for executing an arithmetic function as a 
coupling type Boolean logic operation, and to provide A 
the optical device for ciphering and deciphering data. 
SOLUTION: This optical device Is an optical device 
(50) for performing at least one Boolean logic 
operation and the device (50) has at least first and 
second input signals (54, 58) and at least one output 
signal (OUT). The optical device includes at least one 
interferferometer device for receiving at least the first 
and second input signals and also has at least one 
optical amplifier (64, 66) generating an output signal 
for executing at least one Boolean logic operation, by 
creating a phase difference between inputs of the first 
and second input signals. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the optical device for performing at least one Boolean-logic actuation which has the 1st 
and 2nd input signals and at least one output signal at least At least one interferometer for [ said ] 
receiving tiie 1st and 2nd input signals at least, The optical device characterized by having at least 
one optical amplifier for uniting with said at least one interferometer, and initiating the phase 
contrast in said output joint with which the 1st and 2nd inputs are combined at least. 
[Claim 2] Said phase contrast is an optical device according to claim 1 characterized by 
corresponding to at least one of constructive interference and destructive interference. 
[Claim 3] Said at least one interferometer is an optical device according to claim 2 characterized by 
including the 1st and 2nd waveguides at least. 

[Claim 4] Said optical amplifier is an optical device according to claim 3 with which phase contrast 
produced to said 1st and 2nd optical amplifiers including the 1st and 2nd optical amplifiers 
corresponding to the 1st and 2nd waveguides, respectively is characterized by corresponding to 
Boolean-logic actuation. 

[Claim 5] The optical device according to claim 4 characterized by the phase contrast which it is 
combined v^th said 1st and 2nd waveguides, respectively, and said 1st and 2nd input signals produce 
with said 1st and 2nd amplifiers being whenever [ zero ] (0 degree) as Boolean-logic OR actuation is 
formed. 

[Claim 6] The optical device according to claim 4 characterized by the phase contrast which it is 
combined with each of said 1st and 2nd waveguides, and said both 1st and 2nd input signals produce 
with said 1st and 2nd amplifiers being whenever [ zero ] (0 degree) as Boolean-logic AND actuation 
is formed. 

[Claim 7] The optical device according to claim 4 characterized by the phase contrast which it is 
combined with said 1st and 2nd waveguides, respectively, and said 1st and 2nd input signals produce 
with said 1st and 2nd amplifiers being 180 degrees (180 degrees) as Boolean- logic XOR actuation is 
formed. 

[Claim 8] It is the optical device according to claim 4 with which said 1 st and 2nd input signals are 
combined with said 1st and 2nd waveguides, respectively, said 2nd input signal is a CLOCK signal, 
and phase contrast produced with said 1st and 2nd amplifiers is characterized by being 180 degrees 
(180 degrees) as Boolean-logic NOT actuation is formed. 

[Claim 9] In the optical computer for calculating SUM and a CARRY output signal firom the 1st and 
2nd input signals The 1st optical Boolean-logic XOR gate and the 1st optical Boolean-logic AND 
gate are included. Said 1st optical Boolean-logic XOR gate By introducing 180-degree relative 
topology delay between the 1st interferometer which has the 1st and 2nd waveguides for receiving 
said 1st and 2nd input signals, respectively, and generating a SUM output signal, and said 1st and 
2nd waveguide The 1st phase lag for initiating interference between said 1st and 2nd input signal is 
included in forming a SUM output signal. Said 1st optical Boolean-logic AND gate Respectively, the 
2nd interferometer which has the 3rd and 4th waveguides for generating a CARRY output signal, 
and said 3rd and 4th waveguides so that said a part of 1st and 2nd input signals may be received one 
side of said 1st and 2nd input signals — binary one — with the 1st divider for dividing the 
photoelectrical force fi"om one side of said 1st and 2nd input signals, when it is 1 The optical 
computer characterized by including the 2nd phase lag for initiating interference between said the 1st 
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and 2nd input signal in forming said carry output signal by introducing 0-degree relative topology 
delay between said 3rd and 4th waveguide. 

[Claim 10] It has further the 2nd optical Boolean-logic XOR gate, the 2nd optical Boolean-logic 
AND gate, and the optical Boolean-logic OR gate. Said 2nd optical Boolean-logic XOR gate A SUM 
output signal and the 3rd input signal are received, respectively, and it is FULL. ADDER The 3rd 
interferometer which has the 5th and 6th waveguides for generating a SUM output signal. By 
introducing 180-degree relative topology delay between said 5th and 6th waveguide FULL ADDER 
In forming a SUM output signal The 3rd phase lag for initiating interference between a SUM output 
signal and the 3rd input signal is included. Said 2nd optical Boolean-logic AND gate The 4th 
interferometer which has the 7th and 8th waveguides for generating an AND output signal, said 7th 
and 8th input signals — binary one — so that it may be 1 and each of said 7th and 8th waveguides 
may receive a part of SUM output and 3rd input signal either a SUM output signal or the 3rd input 
signal — binary one — with the 2nd divider for dividing the photoelectrical force from either a SUM 
output signal or the 3rd input signal, when it is 1 By introducing 0-degree relative topology delay 
between the 7th and 8th waveguides In forming an AND output signal, the 4th phase lag for 
initiating interference between a SUM output signal and the 3rd input signal is included! Said optical 
Boolean-logic OR gate A SUM output signal and an AND output signal are received, respectively, 
and it is FULL. ADDER The 5th interferometer which has the 9th and 10th waveguides for 
generating a CARRY output signal, By introducing 0-degree relative topology delay between said 
9th and 10th waveguide FULL ADDER Optical computer according to claim 9 characterized by 
including the 5th phase lag for initiating interference between a SUM output signal and an AND 
output signal in forming a CARRY output signal. 

[Claim 11] Said 1st phase lag contains the 1st and 2nd optical ampUfiers corresponding to said 1st 
and 2nd waveguides. Said 2nd phase lag The 3rd and 4th optical amplifiers corresponding to said 3rd 
and 4th waveguides are included. Said 3rd phase lag The 5th and 6th optical amplifiers 
corresponding to said 5th and 6th waveguides are included. Said 4th phase lag Said 5th phase lag is 
an optical computer according to claim 10 characterized by including the 9th and 10th optical 
amplifiers corresponding to said 9th and 10th waveguides including the 7th and 8th optical 
amplifiers corresponding to said 7th and 8th waveguides. 

[Claim 12] one side of said 1st and 2nd input signals — binary one — when it is 1, at least one side of 
the 3rd and 4th waveguides (One third) of the photoelectrical force fi-om one side of said 1st and 2nd 
input signals is received. Another side of said 3rd and 4th waveguides receives (two thirds) of the 
photoelectrical force fi-om one side of said 1st and 2nd input signals, either said SUM output signal 
or the 3rd input signal — binary ones, when it is 1 At least one side of said 7th and 8th waveguides 
receives (one third) of the photoelectrical force fi-om either said SUM output signal or the 3rd input 
signal. The optical computer according to claim 1 1 with which another side of said 7th and 8th 
waveguides is characterized by receiving (two thirds) of the photoelectrical force firom said another 
side of said SUM output signal and the 3rd input signal. 

[Claim 13] The optical computer according to claim 12 with which at least one side of said 1st and 
2nd dividers is characterized by including at least one Y jvmction device. 
[Claim 14] The optical computer according to claim 13 with which said at least one Y junction 
device is characterized by including a multimode interference coupler. 

[Claim 15] Said 1st and 2nd optical amplifiers guide the initial relative topology difference of 180 
degrees. Said 3rd and 4th optical amplifiers guide the initial relative topology difference of 0 times. 
The optical computer according to claim 1 1 characterized by for said 5th and 6th optical amplifiers 
guiding the initial relative topology difference of 1 80 degrees, for said 7th and 8th optical amplifiers 
guiding the initial relative topology difference of 0 times, and said 9th and 10th optical amplifiers 
guiding the initial relative topology difference of 0 times. 

[Claim 16] In the optical device for answering receiving data and an optical keying signal, and 
enciphering data At least one interferometer which has the 1st and 2nd waveguides is included. Said 
1st waveguide Said data and an optical keying signal are received. Said 2nd waveguide It is what 
receives said data made behind in a phase, and said optical keying signal. Said optical device Guide 
180-degree initial relative topology delay between said the 1st and 2nd waveguide, and it answers 
receiving binary 1 fi-om said optical keying signal. Reception of 1 is answered, binary one fi'om said 
optical keying signal which was made to produce the 1st 180-degree additional relative topology 
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delay between said waveguides, and carried out phase lag - The optical device characterized by 
including further at least one optical amplifier for producing the 2nd 180-degree additional relative 
topology delay between said waveguides. 

[Claim 17] The optical device according to claim 16 characterized by including further Y junction 
device which makes the output node by which the data which said 1st and 2nd waveguides were 
made to adjoin each other, and were enciphered are generated. 

[Claim 18] The optical device according to claim 17 with which said Y junction device is 
characterized by including a multimode interference coupler, 

[Claim 19] The optical device according to claim 16 characterized by each waveguide containing the 
unified optical amplifier. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to OPUTDCUSU and relates to the computing system 

which uses an optical element especially. 

[0002] 

[Description of the Prior Art] Research remarkable to development of the network system which 
offers big bandwidth has been made rather than it increased the rate of data transmission. Now, the 
optical network system which operates with the transmission speed which is a bigger wavelength 
channel than a 80-wave channel, and exceeds a second in 10 gigabits /is commercially available. 
However, in the experiment at a laboratory, transmission speed of 100 gigabits/second was realized 
recently, as the further information ~ Mikkleson etc. — "Unrepeatered Transmission over 150 km of 
Nonzero-DispersionFiber at 100 Gbit/s with Semiconductor Based Pulse Source and Demultiplexer 
and Clock Recovery" to depend ~ refer to Electronic Letters, Vol.35, and No.21 (October 1999). 
[0003] The load on a network has also increased with increase of this transmission speed and 
bandwidth capacity. The load on a network is based on a user's number of increases which ask for 
network access. A load is related also to increase of the nimiber of the applications for such user 
access. Such applications contain intranet and an Intemet access in for example, e business activity, a 
condominium rate website, and a list. 

[0004] The concem about data security also produced increase of the need on a network. Data 
security needs use of a code secretary method (cryptography). A code secretary method may be 
defined as a technique of preventing a tapping person (eavesdroppers) understanding the semantics 
of the monitored information. As further information, it is Schneier. Refer to U.S. Pat. No. 5,696,828 
(henceforth "Koopman") by Applied Cryptography, Second Edition, Wiley & Sons 1996 (henceforth 
"Schneier") and Koopman to depend, and Jr. One direction transmission of a message safe in code 
contains two main process steps. That is, in order to hide the semantics of a message from 1 tapping 
person, it is the step which decodes the message enciphered using the security key so that the step 
which enciphers a message using a security key, and the user by whom 2 intentions were done can 
understand the message, 

[0005] The step of current, encryption, and decode is performed in a form with electric message and 
enciphered message. The original message is the set of a lightwave signal, and this requires time 
amoimt, especially when conversion to an electric expression is needed. Refer to U.S. Pat. No. 
5,864,625 by Rutledge about the further information. In this application, the message in the format 
of electric data is a light digital signal which uses a binary scheme as known in this technical field. 
Introduction to Switching Theory and Logical Design by Hill and Richardson, Third Edition, and 
Wiley & Sons 1981 (henceforth "Hill") pp.1-21 Refer to. 

[0006] In such a situation, a lightwave signal is first changed into an electric expression, and it is 
used for it any of various techniques known in this technical field they are, and it is enciphered. For 
example, Koopman It reaches. Schneier Refer to. Then, the enciphered electric expression is 
transmitted to the user who changed into the optical format, was returned and was meant by 
extending a light beam using the enciphered electric expression. The meant user reconverts and 
returns the received signal which was formatted optically to an electric format. In an electric format, 
the received signal is decoded and may be again changed into a lightwave signal for the further 
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processing by a user's network. 

[0007] the operation which enciphers and decodes data - an intensive process step is traditionally 
performed by the Boolean (Boolean) logical circuit with a semi-conductor. If the need on a network 
grows in connection with a transfer rate and bandwidth capacity, finally switching and the 
processing limit of a semiconductor device will serve as a bottleneck, when offering data security. In 
the future which is not a long distance, it considers that a future optical network may be sunk for 
many reasons a semi-conductor comparatively more nearly high-speed than a current device includes 
the problem of security. This is based on historical increase of the processing power of a semi- 
conductor, and a switching rate, and increase of the bandwidth capacity in an optical network. 
[0008] Therefore, the efforts for investigation which focused on the functional altemative to the 
semi-conductor which offers the switching and the processing time which can suit with network 
transmission speed were able to begin. Emergency was made about using the electrooptics and the 
optical device for performing various calculation functions. Refer to U.S. Pat. No. 5,208,705 by 
Avramopolous etc. for the further information. The operation- function currently called for includes 
joint Boolean-logic actuation required in order to encipher and decode data. Although Boolean-logic 
actuation is not limited to this, it includes an exclusive nondisjunction (X-NOR) function in AND, 
OR, NOT, NAND, NOR, an exclusive OR (XOR), and a list. Refer to pp.22- 137 of Hill. 
[0009] The optical device for performing logic actuation is known. About the further information, it 
is Islam. Refer to U.S. Pat. No. 3,984,785 by Riseberg etc., and U.S. Pat. No. 4,632,518 by Jensen in 
U.S. Pat. No. 4,932,739 and U.S. Pat. No. 5,353,1 14 by Hansen, and a list. However, amelioration of 
the optical device for performing logic actuation is still needed. 
[0010] 

[Problem(s) to be Solved by the Invention] And the need of receiving the optical device for, for 
example, performing a calculation function like association Boolean-logic actuation exists. 
Moreover, the need of receiving the optical device for enciphering and decoding data also exists, 
[0011] 

[Means for Solving the Problem] The optical device for performing at least one operation-function is 
indicated. In the 1st operation gestalt of this invention, the optical logical device which receives the 
1st and 2nd optical input signals typically is explained. An optical output signal is generated by the 
device according to the Boolean actuation performed about an optical input signal. An optical logical 
device can perform various Boolean actuation which includes NOT, NAND, NOR, and a X-NOR 
function in AND, OR, and an XOR list. An optical logical device realizes these and other functions 
by including the phase lag element for producing the waveguide of a pair, and interference. 
[0012] In 1 operation gestalt, an optical logical device contains an interferometer like a Mach 
ZENDA interferometer (MZI) or the Michelson (Miclelson) interferometer (MI), An interferometer 
device consists of the 3 configurations of port for receiving the 1st and 2nd inputs, and generating 
one output. In order that an interferometer may receive the 1st and 2nd optical input signals, 
respectively, it has the 1st and 2nd waveguides at least. The 1st and 2nd waveguides are combined in 
the output by which an optical output signal is generated. Each waveguide has at least one amplifier 
like the semi-conductor optical amplifier (SOA) imited with it. desirable ~ amplifier — a single 
substrate top — each — it may be unified by the monolithic in each waveguide. In an output, the 
amplifier in each waveguide is constituted so that relative phase contrast may be produced between 
waveguides. The selected relative phase contrast corresponds to Boolean actuation of an optical 
logical device. 

[0013] In an example, an optical logical device has the relative phase contrast of 180 degrees (180 
degrees), in order to support XOR Boolean actuation. The table of truth value showing actuation of 
XOR Boolean actuation is shown in drawing 3 (b). the case where both 1st and 2nd input lightwave 
signals show binary 1 — an optical logical device — binary one — the output lightwave signal 
showing 0 is produced. Here, since relative topology initiates destructive (destructive) interference as 
shown in drawing 1 (a), binary 0 output is generated. 

[0014] both input lightwave signals — binary one — when it expresses 1, the phase shift only of the 
180 degrees of one side of the input lightwave signals is carried out to the input lightwave signal of 
another side. And it is combined with the input lightwave signal of another side in an output, and 
interferes in the input lightwave signal by which the phase shift was carried out destructively 
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mutually, if it is made such — an output lightwave signal ~ binary one — it is generated so that 0 may 
be expressed, both input lightwave signals - binary one ~ the light which passes along it in any 
waveguide when it expresses 0 — there is nothing ~ binary one — it becomes an output lightwave 
signal showing 0. 

[0015] however, one input lightwave signal — binary one — 1 — expressing — the input lightwave 
signal of another side — binary one ~ the case where 0 is expressed -- an output lightwave signal — 
binary one — it is generated so that 1 may be expressed, this situation — setting ~ binary one — the 
optical power showing 1 progresses through one waveguide, and the waveguide of another side does 
not receive optical power, the output of an interferometer — setting — binary one — the optical power 
showing 1 — binary one — it combines with the lightwave signal showing 0 — having — binary one — 
an output lightwave signal equal to 1 is acquired. 
[0016] 

[Embodiment of the Invention] This invention uses the interference principle for realizing various 
calculation functions. These calculation functions include Boolean actuation like AND, OR, XOR, 
NOT, NAND, NOR, and X-NOR. the waveguide of the pair by which this invention was combined 
with the phase lag element — or an interferometer device may realize in alternative. The principle of 
a constructive (constructive) and destructive (destructive) interference may be used by this 
configuration as shown in drawing 1 (a) and 1 (b). For the purpose of this invention, an 
interferometer device contains a Mach ZENDA interferometer (MZI) and a Michelson 
interferometer (MI), for example, although various altematives for this contractor become clear from 
the indication in here. 

[0017] In drawing 1 (a), 1st 3 port interferometer device 10 is shown. A device 10 has the 1st input 
12 and 2nd input 14 for receiving 1st (A) input lightwave signal 16 and 2nd (B) input lightwave 
signal 18, respectively, the illustrated example — setting — both A and B ~ binary one ~ it 
corresponds to 1. A device 10 carries out the phase shift of one input lightwave signal only for 
relative topology difference [ of 180 degrees (180 degrees) ] deltaphi to the input lightwave signal of 
another side. The peak of the input lightwave signal by which the phase shift was carried out by 
making it such is in agreement with the trough of the input lightwave signal of another side. When 
both optical input signals are combined in an output 22 by the device 10, destructive interference 
arises, as a result - the output (C) lightwave signal 20 - binary one - 0 is shown. 
[0018] In drawing 1 (b), 2nd 3 port interferometer device 30 which has relative topology difference 
deltaphi of whenever [ zero ] (0 degree) is shown. A device 30 has the 1st input 32 and 2nd input 34 
for receiving the 1st (A) input lightwave signal 36 and the 2nd (B) input lightwave signal 38, 
respectively. In the illustrated example, as for A and B, both correspond to binary 1 . A device 30 
carries, out the phase shift of one input lightwave signal only for relative topology difference deltaphi 
of whenever [ zero ] (0 degree) to the input lightwave signal of another side. By making it such, the 
peak of the input lightwave signal by which the phase shift was carried out aligns with the peak of 
the input lightwave signal of another side. And when both optical input signals are combined by the 
device 30, constructive interference produces the binary output (C) lightwave signal 40 in the output 
42 of 1. 

[0019] A different output lightwave signal C may be generated about the input lightwave signal of a 
different binary value, and A and B. This is dependent on the Boolean actuation meant to 3 port 
interferometer device. The causal relation between the input lightwave signals A and B and the 
output lightwave signal C will become clear from the following explanation. 

[0020] the purpose of this invention sake — binary one — the lightwave signal shown as 1 expresses 
the property of a signal 16. In 1 operation gestalt of this invention, a lightwave signal is 
characterized with the wavelength of about 1550nm, and includes the binary value of 1 and 0 
distinguishable [ with power separation (separation) of lOdb(s) ] at least, the threshold power value 
over binary 0 and binary 1 is like the photodetector combined with this invention — it is chosen 
according to various additional components which are not illustrated. For the purpose of this 
invention, a binary input signal is mutually in phase, and is received. However, altemative-a range 
and a parameter will become clear for this contractor by seeing an indication here. 
[0021] In drawing 2 (a) and 2 (b), the optical logical device 50 for performing Boolean OR actuation 
by 1 operation gestalt of this invention is shown. In order that the optical logical device 50 may 
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receive the 1st and 2nd input lightwave signals A and B at least, the 1st and 2nd inputs 54 and 58 are 
included at least. A device 50 contains at least one waveguide. In 1 operation gestalt, a device 50 is 
formed from MZI which has the 1st and 2nd waveguides 62 and 68 for inputs 54 and 58 to receive 
lightwave signals A and B, respectively. 

[0022] A device 50 also contains amplifier. Amplifier is realized by the 1st and 2nd semi-conductor 
optical amphfiers (SOA) 64 and 66 in 1 operation gestalt. Bias of each SOA is carried out so that it 
may operate in a saturation region. For the purpose of this invention, although each SOA amplifies 
the received lightwave signal, it includes a phase change. The phase change is controllable and is 
mainly produced from the ratio of the refractive index of the waveguide to the magnification gain 
about the length of SOA as known by this contractor. 

[0023] The further information "All-Optical by Leuthold etc. Space Switches with Gain and 
Principally Ideal Extinction Ratios, "IEEE Journal of Quantum Electronics, Vol.34, and No.4 
(hereafter (April 1998)) Call it "Leuthold I", and Leuthold etc. - it depends - "All-Optical Mach- 
Zehnder Interferometer Wavelength Converters and Switches with Integrated Data and Control 
Signal Separation Scheme, "Journal of Lightwave Technology, Vol.17, andNo.6 (hereafter (June 
1999)) "Leuthold H" - saying - refer to. 

[0024] SOA64 corresponds to waveguide 62 and SOA66 corresponds to waveguide 68 as illustrated. 
Each SOA produces phase lags phil and phi2 to the photoelectrical force spread through the 
corresponding waveguide. And the input lightwave signal A spread through waveguide 62 is phase 
lag phi 1 . The input lightwave signal B which it has and is spread through waveguide 68 is phase lag 
phi 2. It has. Lightwave signals A and B are combined in the output joint 70, and waveguides 62 and 
68 adjoin each other there. Relative topology delay deltaphi of whenever [ zero ] (0 degree) arises 
between waveguide 62 and waveguide 68 in the output joint 70. And when the photoelectrical force 
from both waveguides appears in the output joint 70, it is in phase and constructive interference 
breaks out. Association of lightwave signals A and B produces an output signal OUT. 
[0025] A device 50 performs Boolean OR logic actuation about the binary input signals A and B. 
The relation between Signals A, B, and OUT is shown in the table of truth value shown in drawing 2 
(b). the time of both signals A and B being binary 0 functionally — binary one — the Nam (null) 
signal equal to 0 spreads through both waveguides, in the output joint 70, both Nam signals join 
together ~ having ~ binary one ~ the Nam output lightwave signal OUT corresponding to 0 is 
generated. 

[0026] one of the input signals A or B — the Nam signal — it is ~ other input signals ~ binary one — 
when it is 1, as for the output Hghtwave signal OUT, binary one is equal to 1. Here, the 
photoelectrical force related with the binary 1 input hghtwave signal is combined with the Nam 
signal of other input lightwave signals in the output joint 70. the joint result of this output signal 
OUT — binary one — it is set to 1 . 

[0027] both input lightwave signals A and B — binary one — when it is 1, the photoelectrical force 
from each input signal is spread through both waveguides with corresponding phase lag. Since 
relative topology relation deltaphi between each waveguide is whenever [ zero ] (0 degree), both 
input lightwave signals A and B are in phase in the output joint 70. therefore, the time of the 
photoelectrical force related with both input lightwave signals being combined — constmctive 
interference — binary one — the output signal OUT equal to 1 is produced. This scenario is shown in 
drawing 1 (b) and its explanation. 

[0028] In drawing 3 (a) and 3 (b), the optical logical device 80 for performing XOR Boolean 
actuation by 1 operation gestalt of this invention is shown. In order that the optical logical device 80 
may receive the 1st and 2nd input lightwave signals A and B at least, the 1st and 2nd inputs 84 and 
88 are included at least. A device 80 contains one waveguide that it is few. In 1 operation gestalt, a 
device 80 has the 1st and 2nd waveguides 92 and 98 for receiving lightwave signals A and B through 
inputs 84 and 88, respectively. 

[0029] A device 80 also contains amplifier. Amplifier is realized by the 1st and 2nd semi-conductor 
optical amplifiers (SOA) 94 and 96 in 1 operation gestalt. By this configuration, SOA94 corresponds 
to waveguide 92 and SOA96 corresponds to waveguide 98. Each SOA produces phase lags phil and 
phi2 to the corresponding waveguide. And the input lightwave signal A is phase lag phi 1. It spreads 
through the waveguide 92 which it has, and the input lightwave signal B is spread through the 
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waveguide 98 which has phase lag phi 2. 

[0030] Lightwave signals A and B are combined in the output joint 100 which waveguides 62 and 68 
adjoin. By this design, relative topology delay [ of 180 degrees (180 degrees) ] deltaphi arises among 
waveguides 92 and 98 in the output joint 100. And when the output joint 100 is provided with the 
photoelectrical force from both waveguides, the phase has shifted and destructive interference will 
take place. Association of lightwave signals A and B produces an output signal OUT. 
[0031] A device 80 performs a Boolean XOR logical function about the binary input signals A and 
B. The relation between Signals A, B, and OUT is expressed to the table of truth value shown in 
drawing 3 (b). functional — Signals A and B — both — binary one — the time of being 0 - binary one 
- the Naru signal equal to 0 spreads through both waveguides, in the output joint 100, both Nam 
signals join together — having ~ binary one — the Nam output lightwave signal OUT corresponding 
to 0 is generated. 

[0032] one side of input signals A or B ~ the Nam signal - it is - the input signal of another side - 
binary one ~ the case where it is 1 ~ the output lightwave signal OUT ~ binary one — it is equal to 
1. here — binary one ~ the photoelectrical force related with the input lightwave signal of 1 is 
combined with the Nam signal of the input lightwave signal of another side in the output joint 100. 
this association ~ binary one ~ the output signal OUT equal to 1 is produced. 
[0033] both input lightwave signals A and B ~ binary one — when it is 1, the photoelectrical force 
from each input signal is spread through both waveguides with corresponding phase lag. Since 
relative topology relation deltaphi between each waveguide is 180 degrees (180 degrees), in the 
output joint 70, as for both input lightwave signals A and B, the phase is shifted mutually, therefore, 
the time of the photoelectrical force relevant to both input lightwave signals being combined — 
destmctive interference ~ binary one ~ the output signal OUT equal to 0 is produced. This scenario 
is shown in drawing 1 (a) and its explanation. 

[0034] In drawing 4 (a) and 4 (b), the optical logical device 1 10 for performing AND Boolean 
actuation by 1 operation gestalt of this invention is shown. In order that the optical logical device 
110 may receive the 1st and 2nd input Ughtwave signals at least, respectively, the 1st and 2nd inputs 
1 14 and 118 are included at least. A device 110 contains at least one waveguide. In 1 operation 
gestalt, a device 110 has the 1st and 2nd waveguides 132 and 138. 

[0035] A device 110 also contains amplifier. Amplifier is realized by the 1st and 2nd semi-conductor 
optical amplifiers (SOA) 134 and 136 in 1 operation gestalt. By this configuration, SOA134 
corresponds to waveguide 132 and SOA138 corresponds to waveguide 138. Each SOA produces 
phase lags phil and phi2 to the corresponding waveguide. And the lightwave signal which the 
lightwave signal spread through waveguide 132 has phase lag phi 1, and is spread through 
waveguide 138 is phase lag phi 2. It has. Lightwave signals A and B are combined in the output joint 
140 which waveguides 132 and 138 adjoin. 

[0036] By this design, relative topology delay deltaphi of whenever [ zero ] (0 degree) arises among 
waveguides 132 and 138 in the output joint 140. It is combined in the output joint 140 which 
waveguides 132 and 138 adjoin, and lightwave signals A and B form an output signal OUT. 
Depending on the binary value of a lightwave signal, a destmctive or constmctive interference is 
used for a device 1 10 in the output joint 140 so that I may be understood from the following 
explanation. 

[0037] The 1st and 2nd inputs 1 14 and 1 18 are combined with waveguides 132 and 138 by the power 
divider 130. The power divider 130 assigns a part of each input signals 114 and 1 18 to each 
waveguides 132 and 138. The power divider 130 contains Y junction device 142 and branches 
120,124 and 128. Y junction device is known by men of the same trade. 

[0038] Refer to "Multimode Interference Couplesfor the Conversion and Combining of zero eind 
First Order Modes" Joumalof Lightwave Technology by Leuthold etc., Vol.16, and No. 7 (henceforth 
"Leuthold HI" (July 1998)) about the further information. Y junction device 142 contains the 
multimode interference (MMI) coupler which has single input port and at least two output ports. An 
MMI coupler is a waveguide coupler for changing the basic mode of the photoelectrical force into 
primary mode. 

[0039] An MMI coupler combines one, or two output waveguides and primary modes or more by the 
geometry (geometry) of an MMI coupler. In actuation, output waveguide contacts mutually, and the 
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input arm of an MMI coupler is arranged so that the larger waveguide for transmitting two light 
beams in the form of primary mode may be formed. Here, MMI of the Y junction 142 is constituted 
so that both the basic mode of the photoelectrical force and primary mode may be guided. This is 
realized by extending and arranging the output of the Y junction 142 so that the part of a request of 
the photoelectrical force may be caught. Refer to Leuthold III. 

[0040] In 1 operation gestalt, the optical divider 130 assigns the photoelectrical force by 1/3. 
therefore, the input lightwave signal A — binary one — when it corresponds to 1, the power divider 
130 makes two thirds of the photoelectrical force relevant to the input lightwave signal A spread 
through waveguide 132, and makes one third spread through waveguide 138 the same — the input 
lightwave signal B ~ binary one — when it corresponds to 1, two thirds of photoelectrical force is 
made to spread through waveguide 138, and one third is made to spread through waveguide 132 
[0041] In order to realize distribution of this photoelectrical force, the Y junction 142 has the die 
length measured to the die length measured from the input of an MMI coupler to the output. In 1 
operation gestalt, the Y junction 142 has the die length between both ends in the range of about 0.5 
to 1.0mm. [ corresponding to a desired coupling rate ] moreover, both input lightwave signals A and 
B ~ binary one — probably, it will be clear for this contractor that the same photoelectrical force of 
an amoxmt is distributed to waveguides 132 and 138 by the power divider 130, when it corresponds 
to 1. 

[0042] A device 110 performs a Boolean AND logical function about the binary input signals A and 
B. The relation between Signals A and B and OUT is expressed to the table of truth value shown in 
drawing 4 (b). Functionally, when both signals A and B are binary 0, the Nam signal spreads from 
inputs 1 14 and 118 through waveguides 132 and 138. in the output joint 140, both Nam signals from 
waveguides 132 and 138 join together — having — binary one — the Nam output lightwave signal 
OUT set as 0 is generated. 

[0043] one side of input signals A or B — the Nam signal ~ it is — other input signals B or A — 
binary one ~ the case where it is 1 — an output signal OUT ~ binary one — it is set as 0. The 
photoelectrical force from the input signal of binary 1 is divided by the power divider 130 as 
explained above. Distribution of the photoelectrical force about waveguides 132 and 138 contain the 
fiirther relative phase shift of 180 degrees (180 degrees), this fiirther relative phase shift ~ binary one 
~ it is generated by each SOA of the waveguide which receives one third of the photoelectrical force 
relevant to the input signal of 1. 

[0044] Leuthold I It reaches. Leuthold II Refer to. In 1 operation gestalt, each SOA answers 
reception of about ImW photoelectrical force, and it is constituted so that the trigger of the further 
relative phase shift (180 degrees) may be carried out. this photoelectrical force — binary one ~ it 
corresponds to one third of distributions of the photoelectrical force from the input signal of 1 . While 
was set as binary 1 and distribution between the waveguides 1 32 and 138 of the photoelectrical force 
from an input signal cause the destmctive interference in the output joint 140. if a power difference 
spreads destmctive interference obtained through waveguides 132 and 138 — binary one — the 
remainder power corresponding to 0 will be formed, the output signal OUT produced in the ou^ut 
joint 140 as a result — binary one — it is equal to 0. 

[0045] both input lightwave signals A and B ~ binary one — when it is 1, the photoelectrical force 
from each input signal is equally spread through waveguides 132 and 138. Both input lightwave 
signals A and B are mutually in phase in the output joint 140 in relative phase shift deltaphi between 
waveguides being whenever [ zero ] (0 degree). Moreover, waveguides 132 and 138 balance so that 
the photoelectrical force spread through both may become equal. And the fiirther relative phase shift 
is not guided, therefore, the photoelectrical force relevant to both input lightwave signals is 
combined using the principle of interference ~ having ~ binary one — the output signal OUT equal 
to 0 is produced. 

[0046] In drawing 5 (a) and 5 (b), the optical logical device 150 for performing NOT Boolean 
actuation by 1 operation gestalt of this invention, i.e., an inverter, is shown. In order that the optical 
logical device 150 may receive the 1st input lightwave signal A at least, the 1st input 154 is included 
at least. A device 150 receives the control lightwave signal CLOCK in the 2nd input 158. a control 
signal CLOCK — binary one ~ it is the stream of the optical bit corresponding to 1. Moreover, the 
stream of an optical bit is set as the maximimi operation bit rate of the optical logical device which 
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uses this invention, as mentioned above. 

[0047] The optical logical device 150 contains at least one waveguide. In 1 operation gestalt, a 
device 150 has the 1st and 2nd waveguides 162 and 168. The 1st and 2nd waveguides 162 and 168 
receive lightwave signals A and CLOCK through inputs 154 and 158, respectively. A device 150 
also contains amplifier. Amplifier is realized by the 1st and 2nd semi-conductor optical amplifiers 
(SO A) 164 and 166 in 1 operation gestalt. By this configuration, SOA164 corresponds to waveguide 
162 and SOA166 corresponds to waveguide 168. Each SOA produces phase lags phil and phi2 to 
the corresponding waveguide. 

[0048] And the input hghtwave signal A is phase lag phi 1. Spreading the inside of the waveguide 
162 which it has, the control lightwave signal CLOCK is phase lag phi 2. The inside of the 
waveguide 168 which it has is spread. Lightwave signals A and CLOCK are combined in the output 
joint 170 which waveguides 162 and 168 adjoin. By this design, relative topology delay [ of 180 
degrees (180 degrees) ] deltaphi arises among waveguides 162 and 168 in the output joint 170. When 
the output joint 170 is provided with the photoelectrical force firom both waveguides, a phase will 
shifl: and destructive interference will break out. The combination of the input lightwave signal A in 
existence of a control signal CLOCK produces an output signal OUT. 

[0049] A device 150 performs a Boolean NOT logical function about the binary input signal A. The 
relation between an input signal A and an output signal OUT is expressed to the table of truth value 
shown in drawing 5 (b). an input signal A ~ binary one - the case where it is 0 - the output 
lightwave signal OUT ~ binary one — it is equal to 1. here — binary one ~ the Nam signal equal to 0 
~ waveguide 162 — letting it pass — spreading — binary one fi-om a control signal clock — the stream 
of 1 spreads through waveguide 168. the output joint 170 - setting - binary one of a control signal 
clock — the combination of the binary 0 Nam signal of 1 ~ binary one ~ it becomes the output 
lightwave signal OUT equal to 1. 

[0050] the input lightwave signal A — binary one ~ when it is 1, the photoelectrical force fi-om 
Signals A and CLOCK is spread through waveguides 162 and 168. Since relative topology delay 
deltaphi between each waveguide is 180 degrees (180 degrees), in the output joint 170, as for Signals 
A and CLOCK, the phase is shifted mutually, therefore, the time of the photoelectrical force relevant 
to both input lightwave signals being combined — destmctive interference - binary one ~ the output 
signal OUT equal to 0 is produced. 

[0051] The optical logical device 150 enables the design of various additional Boolean actuation in 
view of other operation gestalten mentioned above. And probably, it will be clear for this contractor 
that Boolean NOR actuation may be realized by combining the OR logic gate 50 of drawing^ with 
the NOT logical device 150. Similarly, the NOT logical device 150 is used with the XOR logical 
device 80 of drawdng 3 , and a X-NOR logical device is made possible. A NAND logical fimction is 
obtained by combining the AND logical device 110 of drawing 4 with NOT logic actuation of a 
device 150. 

[0052] In drawing 6 (a) and 6 (b), the optical logical device 175 for performing Boolean OR 
actuation by another operation gestalt of this invention is shown. A device 175 is based on the 
Michelson-interferometer configuration for performing a Boolean OR logical function on the optical 
logical device and contrast target of dravvdng 2 (a). A device 175 functions as the optical logical 
device 50 similarly in actuation. Other configurations and alternative interferometer schemes will 
become clear [ to this contractor ] firom the indication in here. 

[0053] In drawing 7 (a) and 7 (b), the 2 bit binary adder 200 of Ught by another operation gestalt of 
this invention is shown. Generally the 2-bit binary adder is known. Hill and pp. 175- 182 Refer to. 
The binary adder 200 contains the optical device 220 for performing the optical device 210 for 
performing Boolean XOR actuation, and Boolean AND actuation. The Boolean-logic device shown 
here as a building block is used for the binary adder 200. 

[0054] In 1 operation gestalt of this invention, the optical device 210 is reaUzed by XOR gate 80 of 
drawing 3 , and the optical device 220 is realized by the AND gate 110 of drawing 4 . An adder 200 
performs binary addition about the binary signals A and B, and produces an output signal SUM and 
CARRY. The table of truth value corresponding to the function of the 2-bit binary adder 200 is 
shown in drawing 7 (b). 

[0055] It is combined and the optical logical device mentioned above forms calculation devices, such 
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as a sequential circuit, a flip-flop, a decoder, a PAL tee checker, a shift register, a linear feedback 
shift register, a linear KONGURUENTARU (congruential) generator, a counter, a multiplexer, a 
demultiplexer, a pseudo-random number generator, the State machine, and an arithmetic and logic 
unit. About the farther information about these calculation devices, it is Buchsbaum. It depends. 
Encyclopedia of Integrated Circuits and Prentice-Hall 1981 Refer to. Moreover, Hill It reaches. 
Koopman Refer to. 

[0056] In drawing 8 (a) and 8 (b), the optical arithmetic device 250 by another operation gestalt of 
this invention is shown. The arithmetic device 250 contains the optical device 300 for performing the 
optical devices 270 and 290 for performing the optical devices 260 and 280 for performing XOR 
actuation, and AND actuation, and OR actuation. The arithmetic device 250 is realized by the 
combination of the Boolean-logic device shown here as a building block. 1 operation gestalt — it is, 
and the optical devices 260 and 280 are realized from the device 80 of drawing 3 , the optical devices 
270 and 290 are realized from the optical device 1 10 of drawing 4 , and the optical device 300 is 
realized from the optical device 50 of drawing 2 . 

[0057] In drawing 8 (a), the arithmetic device 250 is designed so that it may function as a full triplet 
adder, as constituted. A fiiU triplet adder is a basic factor in data processing, and, generally is known. 
Hill and pp. 175-1 82 Refer to. The arithmetic device 250 performs binary addition about the binary 
signals A, B, and C, and produces an output signal SUM and CARRY. The table of truth value 
where the fimction of the triplet binary adder 250 corresponds is shown in drawing 8 (b). The 
arithmetic device 250 can be constituted so that trigonometry operation in which the number of bits 
may be performed in other mathematical processings and a list including subtraction, multiplication, 
and a division. 

[0058] In drawing 9 , the optical device 350 for enciphering the data based on another operation 
gestalt of this invention is shown. The encryption device 350 is realized by the optical key generator 
360 and the optical encryption machine 370. The key generator 360 is a figure generator used in 
guaranteeing in code one direction transmission of the data mentioned above. Schneier It reaches. 
Koopman Refer to. A generator 360 may be realized using various configurations known by this 
contractor like for example, a linear feedback shift register (LFSR). In 1 operation gestalt, the optical 
key generator 360 contains many optical logical devices as a building block for generating an optical 
key. 

[0059] The optical logical device which forms a generator 360 may be realized from the operation 
gestalt of this invention mentioned above. A generator 360 answers receiving a trigger or clock 
signal CLOCK, and the number of the first stages (initial number), and produces an output KEY as 
known by this contractor. Schneier It reaches. Koopman Refer to. The optical encryption machine 
370 receives the optical keying signal of the key generator 360, and the stream of data signal DATA. 
Answering this, the encryption machine 370 is ENCRYPTED. A DATA output is generated. In the 
further operation gestalt, lightwave signal KEY' also receives the optical encryption machine 370 
from the key generator 360. Lightwave signal KEY' is the version which was in the phase of a 
lightwave signal KEY. The relative topology delay between a lightwave signal KEY and lightwave 
signal KEY' corresponds to the bit width of face of the data from the optical stream of data signal 
DATA. 

[0060] By receiving the bit from the optical stream and lightwave signal KEY of data signal DATA, 
the encryption machine 370 performs encryption actuation similar to a bit flipping (bit flipping). 
Here, lightwave signal KEY' works as a reset mechanism for resetting the encryption machine 370. 
The photoelectrical force of Signal KEY is set up so that the further phase shift of 180 degrees (180 
degrees) to relative topology relation deltaphi between each waveguide may be initiated. And when 
1 bit of binary one from a lightwave signal KEY is received, additional phase lag produces the 
effective phase lag of whenever [ zero ] (0 degree) in an output joint. 

[0061] In the above-mentioned scenario, the optical stream of data signal DATA divided equally 
between the waveguides of both encrjrption machines 370 is constructively added in an output joint. 
However, lightwave signal KEY' is set up so that the additional phase shift of 180 degrees (180 
degrees) may be initiated. And by reception of lightwave signal KEY', destructive interference arises 
in an output joint and produces optical SUTOROMU of data signal DATA. 

[0062] In drawing 10 , 3 port interferometer Boolean-logic device 400 by another operation gestalt 
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of this invention is shown. A device 400 is about 5mm in die length from the input port of an 
interferometer to an output port. The 1st and 2nd waveguides 412 and 416 are used for a device 400. 
Waveguides 412 and 416 are about 0.4mm in die length from the outputs 424 or 432 of the 1st SOA 
to the inputs 428 or 436 of the 2nd SOA, respectively. Each of waveguides 412 and 416 receives an 
input lightwave signal in inputs 404 and 408, respectively. 

[0063] Waveguides 412 and 416 are formed on the single substrate 440 of indium phosphide (InP). 
Each of SOA is unified by the monolithic in each of those waveguides. SOA is formed from Inl- 
xGaxAsyPl-y sandwiched between the indium and n dope cladding layer of Lynn (InP), and p dope 
cladding layer, and are x— 0.4 and y= 0.85 here. The doping level of p was about 2x1017, and n 
doping level was about 2x1018, The mesa was formed in order to define the active region of SOA. 
[0064] In 1 operation gestalt, it is formed of SOA for offering the required nonlinearity for two 
coupler MMI couplers for introducing two splitter MMI couplers for the device of this invention 
dividing an optical data signal, and joining together, and a control signal, and switching. SOA may 
be prepared on a MZI arm, in order to make control of an on-ofif condition easy. SOA is grown up by 
2 step organic metal vapor phase epitaxy method on an InP substrate. First, a 1.55 um-InGaAsP 
activity SOA layer is grown up in about 0.22-micrometer thickness. Then, the outside field of the 
SOA area of 500-1 SOOmicrometer die length sleeps together, and a passive waveguide layer is grown 
up. First, it is a 1.6-micrometer thickness InP cladding layer a 0.6-micrometer thickness 1.28 
micrometer-InGaAsP layer and after that. 

[0065] And waveguide is formed by etching into SOA and waveguide hetero structure. 
Conveniently, 2x2-MMI structure sleeps together between formation of waveguide, and is set to 200 
micrometers by 1 1.3 micrometers. And the InGaAs layer doped by high concentration is prepared in 
the top face of a waveguide section, and offers contact to a golden pad. The chip size from which a 
device is obtained is about 6x1. 0mm. A waveguide facet is made thin, in order to carry out the coat 
of the antireflection film, and to make heat leakage possible and to make KURIBINGU (cleaving) 
easy. 

[0066] Waveguides 412 and 416 contain SOA 424/428 of a pair, and 432/436 respectively. Each 
SOA had the die length of the range of about 600 micrometers thru/or 1200 micrometers. Moreover, 
each SOA is about 300mW power consumption, and had about 25dB gain at the room temperature to 
the lightwave signal which operates on the wavelength of about 1550nm. 

[0067] With Y junction coupler 438 formed from MMI, waveguides 412 and 416 adjoin each other 
in the output joint 420. MMI is about 0.5mm in die length measured from the edge to the edge, as the 
photoelectrical force of the rate of the request from waveguides 412 and 416 is caught. As a result, 
the output signal 444 was spread through the output joint 420. 

[0068] As mentioned above, a device 400 uses the constructive or destructive interference in a joint 
420 for forming an output signal 444. It depends for produced interference on the relative topology 
difference produced by SOA. Selection of a relative topology difference opts for the Boolean-logic 
actuation which should be performed partially. 

[0069] The switching rate was observed by the above-mentioned configuration as they are about 10 
picoseconds. However, this result is restricted by change of the carrier consistency in each SOA 
which continues after arrival of the photoelectrical force. However, generally change of a carrier 
consistency is proportional to the wavelength of the photoelectrical force directly. In this example, 
change of a carrier consistency is min, when the wavelength range which can operate a lightwave 
signal is narrow. 
[0070] 

[Effect of the Invention] As explained above, according to this invention, the optical device for 
performing a calculation fimction like association Boolean-logic actuation can be offered. 
[0071] When the number indicated in a parenthesis is after the requirements for invention of a claim, 
mode relation of one example of this invention must not be shown, and don't interpret it as what 
limits the range of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] it is used in this invention — a constructive and destructive interferometer is shown. 

[Drawing 2] The plan showing 1 operation gestalt of this invention. 

[Drawing 3] The plan showing the 2nd operation gestalt of this invention. 

[Drawing 4] The plan showing another operation gestalt of this invention. 

[Drawing 5] The plan showing another operation gestalt of this invention. 

[Drawing 6] The plan showing another operation gestalt of this invention. 

[Drawing 7] The plan showing another operation gestalt of this invention. 

[Drawing 8] The plan showing another operation gestalt of this invention. 

[Drawing 9] The plan showing another operation gestalt of this invention. 

[Drawing 10] Drawing showing an example of 3 port interferometer used in this invention. 

[Description of Notations] 

10 1st 3 Port Interferometer Device 

12 32 The 1st input 

14 34 The 2nd input 

16, 18, 36, 38 Input signal 

22 42 Output 

30 2nd 3 Port Interferometer Device 

40 Lightwave Signal 

50 Optical Logical Device 

54 1st Input 

58 2nd Input 

62 1st Waveguide 

64 66 Semi-conductor optical amplifier 

68 2nd Waveguide 

70 Output Joint 

80 Optical Logical Device 

84 1st Input 

88 2nd Input 

92 1st Waveguide 

94,96 SOA 

98 2nd Waveguide 

100 Output Joint 

110 Optical Logical Device 

114 1st Input 

118 2nd Input 

130 Power Divider 

132 1 st Waveguide 

134,136 SOA 

138 2nd Waveguide 

140 Output Joint 

150 Optical Logical Device 
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154 1st Input 

158 2nd Input 

162 1st Waveguide 

164,166 SOA 

168 2nd Waveguide 

170 Output Joint 

175 Optical Logical Device 

200 Binary Adder 

210,220 Optical device 

250 Arithmetic Device 

260 270,280,290,300 Optical device 

350 Optical Device 

360 Key Generator 

370 Encryption Machine 

400 Boolean-Logic Device 

404,408 Input 

412,416 Waveguide 

420 Output Joint 

424,432 The 1st SOA 

428,436 The 2nd SOA 

440 Single Substrate 

444 Output Signal 
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[Drawing 9] 
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i/'^=5:< tt>BlJ3j:t^||20A:^ft-t ( 54. 58) 
J:X/cir-^<thl-:>(r>tiiijm^ (OUT) S-^rrs. 3fe 
T'^N'-f x{i. i!'-=5:< t 1 *5iiX^2 OA:;>]fl-t5:S 

5ii'-^r< i: 1 1 o<7)3ttii|iS (64. 6 6 ) 
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(b) 



(2 

1 

m^-^j:< t 1 ii^l^m2<DXljm^i^m-i>t: 

ii'^^ < 1 1 111 ii J: 2 (7) A:»] 5 n S aJ:^ 
gpict3(t^{affill$r'f->-x-h-r^7t*^«0^-:3r< 10 

t n^3S 3 ] mi'yt£ < i: t> 1 o<7)^^H-(i . iJ'^^ < 
^3S2ie«07tx^NM^. 

'2.<mmh^znm-^%\iiixf^2(^%m^^^'^ 20 

^^i'. 8yieilltsJ:I/ll2«05KtiiliS5(cStLT^t?>effl 
[|f*^5 3 Saiailli3J:t;^m2«7)A:'3(i-f-*>\ 

-ffLfr^ifc'j:t^ig2o»aa»tie-&$ftt'fco. 15 

lemi t5i:t/ii2cotiipssncj:o^i:.s{afflM*^ y- 

[ if 6 1 -mm 1 *j J: i^lg 2 <?5A*fi#oM:J5r 
H51B^lfcJ:l/^20^jSi?Sc7)«-^tc^-&$ixT*j 30 

[ft*iS7] Hfrl5lllt3j:tXm2<OA:>3ft-t7&^ ^tx. 

-?--^XH?ia^ifcii/^^2<7>^ifts§i:ie^$ii-cj3i5, itr 

iemii3J:t/m2<o±iil@SlcJ:t?^i:.|.<afflll*«. 7"- 
yH&axORSi^^SrJ^fig-rs J:^tl8 0JK(180 

X. 40 

tlB^JBSl Bttieillt5J:i;^^2i^A:^fi-f-*>\ -J-fL 
^tm^ 1 J: Vm2<^^^fcfe^$tT.TJ3 0 , 15 

i^2<r>x-y]^^\i. cLocKft#-C'«>'?s Miem 

t5j:t^m2iOii«iS{cJ:'9^t^S{jiffill*^ y-/Hfea 
NOTt!if^2rJ^fi£-r-S.J;-pl;:i8 0S ( 180* ) T'S> 

[19*319 3 mifcJ:lX||2<?)A:tl<t-^*><^SUM*3 
J:l/-C A R R Y ai:^«-^S:?g J[-r 5 fci6<7) > t 

351<03ter-;H&axORy-hi:mi<03t7'-/H^ 50 
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2 

frieiB 1 <03fe7"-;nasx o r h {i. -en-piiMia 

mifcJ:yil20A:>]fl-§-arSflL. *-oSUMai:>3ft 
-^S-^f SJ^rA^iTsm 1 J:l>*l|20^jSSStr*-r^.m 
10T?^i:. 

B5ia^ 1 h^2amimmz i s o • ^^^^^^{affljiiis: 

B5faffilC05fc7'-/HISAND^^'-h{i, CARRYtb 

Tts^com 3 J: V^II4 O^jfeSSSr^-r 
«.m2«VF*fffc, 

HufSH 3 J: Z/m4 <7)^»S8*^'# ^ , mTl 1 *5 J: t/^ 
2<^A:^3(i-^<0-a5?:Sfi-r-5.J:dtc. mi^inxxs^ 
m 2 (7)X:hii^<r> o ^(ry-lslff^A -M* - 1 Tab S J© 
mfieSSl J3j;Ufm2coA^Hl-^eoe^>«0— :J5-*»ia<0 

miM. 3 1 S4 0 • (^imwmii^mx 

-fSdfckrJrO. H5fB^^''J-aj:*j<i-f-S-Jgfig-rSifc 

im^\h%2<DX-h^^'tom(r)^Wk^—i^:i:, 

-Y'^htz^<n'^2<rywmixt^-^ls:Lh-k^'^>L-t 

[»*3il03 m2c05tr-;HSaxoRy-hi:. 
m203K7'-;H&SANDy-hi:. ^ty-yHfeSOR 

i5ieig2<o5ty-/H&axoRy-h{4. -eii^iisu 

Maj::^(l-^tjJ:ifm3<7)A:^j(t-^5:S«L. *>oful 
L ADDER SUMai:^m-t2:^-t4^c4^0Sg5 

l5iS^ 5 i: ^ 6 ioas&Kiatc 1 8 0 * ^Offl*^{afflgi^* 
^A-rSCttwJ: Os FULL ADDER SUMffi 

H51dll2c7)3tr-/H&aAND^'-h(4. ANDai:^« 
40T;^|ft, 

I5IEII 7 is J: I/US O A^ia^A^V'C^ :^ 'J - 1 T'S> 0 . 
fftam 7 tJ J: tXms <7)^«fcKi7)#>!r 3&< S U M aj:^3 tJ J;t;f 

msff^x-^im^co-u^^isrr^xoiz. suMta^i^i 
-t*} i t^^ 3 oA:'3fi-f-«o-:fr*iy N'^f - 1 -C'$> « 
suMai:'3ffi-^tJj:t/m3coA:^)fS-^o-:6-*-<>co 

^7i5Xifm8<7>mTimt<7i^i.zo' comi^imix^ 

mX-thZ.tt.ZX'O. AND{iJ:J3«-^S:?gfi£-rSC:i:lC 
i3V^T« suMaj:*3fi-f-fcSB3<OA:^{i-^i:^iacoT^ 

fria5id:/-/HfesoR^r--h{i, 'eiX'?'fisuMai:t)ft 

•^l3J:lXANDaj:^3fi#S:S«L, A»OFULL AD 
DER CAB.KY^-f}m^^^-thtzif><r>Wi9tiii 



3 

stnam 9 1 m i o c^^sa^isic o • <^)ffi«{2ffiiifL^^ 

X-t^ZtiZX*). FULL ADDER CARRY 

[ft^Ji 1 1 ] luiesi 1 <7>mmix\i. fneii i is j: 
[ n^m 1 2 ] ijieii 1 ±j j: ixn 2 A:»](i-f-<o-:^ 

^<D-:tji}-ii>c7mm:fjcr> (1/3) SrgftL. InrteilS 
*iJ:t/^4<0«^SS<7)ffi:6-*^ HfriemitJJ:t^m2<!0A 
I^fi-f-O-^^A^/oCOpKm:^^ ( 2/3 ) SrSffiL. 

n(r>r>-hffyM^j:<bi,---nif. KTiesUMfflifj^-^tia: 

WIESUMai:'3«-^tJj:i/m3OA:>3«^<0 5^ 
(^BuiSfliJ:^r*'^>co3tS:'3co (2/3) S-Sft-fSCli:^ 

[iS*Jai3 3 Hutemi5i:tXIS2£7)T'fV<>f:J^<^p 
•^<%J'=5r< iJ'-=a:< 1 1> 1 -:><OYi^> ^^^^ 

[19*^141 flfnEiJ'^=Sr<i:felocoYv'-\'^^'>'3 

[W^jai5] Hui2mii3j:i/^203fetiitiS*^ 1 
8 0Jg<O*lJ«fflit(Sl[ffll&$rgS^ L. 

mifBS3fej:i^m4co3etiiiss**. ois.<niwmn'm 
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^ 1 itxm 2 0*^SS5r*-r -S. iJ'-=5r < fc t 1 ocoT^ 
-<i-t$rSfiL, BtnEm2<^)^S&{i. {2ffiSraix$-a: 

10 iostc 18 0- (ryifmimwm.ixkmm' l . Mia^t^ 
-<i#*»4»'N'>f-M;-i^Sfi^i,::fcic*G¥tT. mr 
is^ififessratc 18 0- (73^ 1 <^wms:Wimmi\.^ 
iafflans-t'i>ixAv:sijie3t^-fi-§-7&»^>«7)>'N' 
-m; - 1 osmtciEis LT . Btfiesi^sssic i s o • 

IIS*3S173 IJfSmitJitX^2«3IMKS-|§?»3^ 
20 y-HS:f^SYi^>y;5'>'3>'Ty\MJ^2r34,t;-^tjC: 

1 8 ] tfrieYi^> 3 :^7-vnm v 

1000 11 
[0002 3 

'9:'c#^ir^«^-v^vP-C'*^-p 1 0 =^;<fb'-y Y/^^Ui. 

WtfOffl^flgTfc^. L*»L. m^x^amwr^M. fk 
jfi. 1 0 0^;yb'-x h/#cO{5ill)$e*»'||3^$^t7t. S 
40 ^irStS^i; LT, Mikkleson ^{C J: |,"Unrepeatered Tr 
ansmission over 150 km of Nonzero-DispersionFiber 
at 100 Gbit/s with Semiconductor Based Pulse Sourc 
e, Demultiplexer and Clock Recovery." Electronic L 
etters. Vol. 35. No. 21 (Ctetober 1999) i£:#B§CO.r 

[00031 ^0^^*3j:l/«i^^^fi;cr)tft*:i:S 
(C. ^^yVV—P }L(r>%M\>m:.\^X%tz, ^-vV^- 



5 

[ 0 0 0 4 ] ^t'' -y h V-^'±T'<^SSOiS:^{i. ■f-^' 

■ 'J-r-fJi, 8t#§f5ffi ( cryptography) <7)<!gffl^j£:«Si: 

(eavesdroppers ) Jb^aM-T-S.^ i: 5rlS5ih-rSgiWt L 
r^SmtS. ie^:«.ffi?8i:UT, Schneier fcriSA 
pplied Cryptography. Second Edition, Wiley S Sons 
1996 (JaT"Schneier"i:^>d ) HXmoapma. Jr.tCj: 
h^mf^HS. 6 9 6. 8 2 8-f- («T "Koopoian'J: 

lb. 1 ) ^®#*>^>^ -yfe-i^'c^^lftS-Ki-rJti^tC-tdp 

fL^^ •y-b-x'^ftlSg-ri.X-r yrTfcS. 
[0005] 3i«E, Bi^-fbfe ctl/^^iJgOXT" .y rJi. ;^ 
>y -fe - i^a X X/^^it^tltz ^ -y -^-i^ifin^W^BX' 

tcB^ra*^^-?.. 5^55:S'^f?8^^o^^T{i, RutledgetcJ:^ 
*ffl«fi*lg 5 . 8 6 4. 625 ■^5-#hs<0C: i: . ^mz 

')-:^^-M.t:mmti>fi^i^)Vm^X'h^. HilltJj: 
t/RichardsontC J: Introduction to Switching Theory 
and Logical Design, Third Edition, Wiley & Sons 1 
981 (jaT> "Hiir'tV^o ) pp. 1-21 Sr^McOCli:. 

1 0 0 0 6 1 -e<o J: o ^^m{=*3v>T , ^mm±. enj 

iX^, MUM. Koopman tJil^ Schneier ^^m<7>Z. 

m%ffjmm^mmi-x^\i'-M.im^i-hz tizj: o^t 

:r --7 -y h $iX7t:fi-f-Sr , mnmy * - V -y h {cS^m 

tz^^izMi^m^ti^h . 

[0007] -r-rJ- L>{)--:>»S!-r-5.iSS:m*«?&<J 
^rn-fe^;?.7^ yr{i, immz. ^mzj:?>y-ju 
(Boolean ) fftaHlKt^IJ: OII=?t$ir-& . ^- y hV-^' 

±<^mm^^vm^mx/^m«ismnzn'oxmiz-ri> 
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VN-V-tJil^x-f •y^:^^^5SjSc^iE^6ti'3:ti:*:fcJ:iX3t 
y h ^—i'iztHfh^im^&<^m:kiz&^< , 

[0 0 08] ta!oT, y h'p-'^mm^izxom-^ 
^ti^x>f •y^y^tixx/^stmmm^mm-r^^mmz 
m-hm.m6^^j:immzMAi:mxtim^<r>m:f]i)^iki^ 

10 ^'ha:;i-y7'^i^xi5j:r/^f^U^t:mm-r^:Ltl,z 
-:>v^T^$ii?t. Ig^ar-Sffl^fiti. Avramopolous^t^iS 
*ll1tffm 5 . 2 0 8. 70 5#«:#S5<^C: k . 

f.zif>t,z!£im^m^6^y-/i'mmiiFi'^ts. r-;n&a 

mmi. Zix(,zm^^ix^\,Mi^. AND. OR. NO 
T. NAND, NOR, SfflM^afD (XOR) . Ml^ 

izmmws^mmm (x-nor) mmt:-kti. hukt) 

pp. 2 2-1 37Sr#MOwi;. 
[00091 immi¥^:mfrt^tiiber>^'f^U Xtifil 
20 4>^ITV^5. S=6r-&tSf8(COV^T, Islam 

4. 932. 739-§-. tiXm&nsenlzX h^mnVf^ 

5, 35 3, 1 14^. Mt^tRiseberg^(Cj:i,*m^# 
nms. 9 84. 7 8 5#. )iXX/JenseniZX^i¥m^ 
¥fm4. 6 3 2. 5 1 8-§-5:#HgcoC: fc . L*»L, ffeS 

[00101 

l%B«*^'»^UJ:dkt-'&iiMl 04i{f. 
[00 111 

(TM 1 (nm^WkZa V , W 1 J3 i 2 <^ 

40 -iXM. AND, ORtJj:tXXOR#tXt;NOT, NA 
ND, NORt5j:iXX-NORSSg$r-t-tf«/?;5:7'-;P 

[00121 -^^mmzi6\^x , ittftax^N'^f xw, 

-7 y)\^vy-=^WV( (MZ I ) ^;t{i-7>f ^/Py^- 
(Miclelson ) ^^ft (MI) <75i d^=F*fh^-^tf. 
T^fi-T^^'NMxtd. ^l±Jj:l/ll2c7)A:^5:^flL3&>o 
50 loOili:^^^-rs/w-i^>W3;K-h«fig*»/i>!SrS. T 
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^W%m^^ ( S O A ) £7) J: 3 ^^i'^=5r < i: 1 1 ocTjif 

(00 1 33 -0IJtCtiV^T, ^KMmf^U Xii^ XOR 
^^--'HJf^Sr-tJK- h-rSJt4^tC> 1 8 0® ( 1 8 0 

Sr^ti). iC:T\ 01 (a) tcS^^ixTV^SJ: 3 tc. 
ISnmSlil&mm (destructive) ^mi:^=-'>J^-h 

[00 143 M;^r<0 A^J^-t*^V -iM) - 1 Sr^-fJ© 20 

L-C18 0- tzi,mw^yv^ixx\^h. ^Lx.{m 
m^tm^^ti. m'-^(.zmmmz=^m-h. ^<r>xr>\,z 

\^-nxff>mm&^zi^^ixi:mh^^j:< . ^u-tv-o 

[00 1 53 L*-L. — :fr<50;^<7)A:^33Kft#*i>'sV -^'J 
- 1 *«L.. ffi*-OA:'33fefl-t*»V<>f :h V-O^m-t^ 30 

aJ:»J3tfi-^l4s A'f-fU-lSr^-ri^tc^Six 
I.. CliOttiJit^fcV^T, >'NM-M;-l$r«-r3te>'N'»7-*^ 

•r3t>''«'7-{4. A^-^lJ-0^«•f■5t(i■f•^:^$i^. 
[00 163 

AND, OR, XOR. NOT. NAND, NOR. iS 40 

mmz=fi^i[^j<-( xizx •? . z <7)mmz 

iO, (constructive) *3j;t/®^W (destruct 

ive ) ^^MMis^. mi (a) fcJ:Vl (b) tC^$ 
iiTV^S J: 0 ^zmm$iim> . *^BB<^SW(^7ti^t, 
T^H-xy<^;^J4. ZZtziUfhWefdi^h^^izbr, 

xm^^i^:msifim^i3^t^j:i>ifi. mttf. -ry^s-^y 

r-=Fi^sY (MZ I ) i5XX/'?^jr/UVy^m\^ (M 

I ) Sr#t?. 50 
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[00 1 73 01 (a) l,Zii\,^X. mi<r>3 7ti-h=F^ 
tt-xyNM;^l 0*^S^$/XTI-'S. OJi, ISl 

CO (A) A:*35fefi-f-l 6l3j:t/Sg2<7) (B) A:'33t(t-^ 
1 8«r-t<x-f<x5<it-«.^i60lll<OA:»3 1 2fc<J:l^ll 
2<7)A:'J 1 4Sr^r-rs. 05^$h.A:W-±5V^T, AfeJ: 
iXBow:^rt4. ^-v^f-MJ-it^S^ie-f 6. •r>'\M;^io 
i±. 1 Bojg ( 1 BO* ) ioffl*t{affliiA*!t'ft. 
<r>x:f}im^%:mijcoxti^^iznLx{i^i^y h-r 

■^<7)t-^'J4. fl!j:&coA:»33tefi-f-o^fc-^-ts. 
<?«ttA^j^-^. -r^-^^fxi om:'5a5:^322fc:i3V>T 

(C) 5t{i#2 0{4. A^^tJ-OSr^^-r. 
(00183 01 ( b ) tcfct^T . -tfoS ( 0 * ) <Offl 

itfifflM A <I'5rW^Sm2£7)3^-h T^ttT^v ^ 3 
0*»'^$ixTv^5. 7='>'N*'f ;^3 0<i:. SI (A) ctdA::'^ 

ix^m-^ fzibcom 1 coXiJ 3 2tsXV^m2 a^Xf) 3 4 

t/NM-^D-ltc^tie-rS. tV\W;^3 0J4. -fe'o^K 
(0* ) <0ffl**{4fflllA*/itt. -*<0A*3K«-^$-fl!l 

:}j<r>xii%mmzni,xm(=^y v-th, ^cox a tc-r 
:ir<7)A:tj3feft-f-ot-^'i:g^$ixs. -f-tr. w:frtfo 

3\iA:>3<i-§-*^'x^<^ X 3 0 (ci i: # , SIS 

6'j=F^i)K -ru-i <oaj:^)4 2 icfctt-s. aj:*3 ( c ) 

3fefi-f-4 0S:*tS-li:-&. 

[00 1 93 S^r4'''?>f -^-y-ttOAlftatfi-t, A*s J: 

ix{4. 33t^-h=F^s^'f^U ::^l,zMLXMm^ivrzr- 
/PS&mcte^-rS. A:^3tfl-§-AtJj:lXBi:ai:ft3fe«-^ 

[00203 ^^B^<7)S&3(^tzMz^ JUi-V-ltL 

XT^^tLfztmmi. mtti. m^i6ffymi^^-r. 

*%B3tO-||ite?gS|{C*}V^T, ^m^it. 1 5 5 0 n 
mcnmrnzi 'Omi^ifi^il. 'Jf^< i: 1 1 0 d bOH 
(separation) (,zX*)mSMm^liSXlfO<D^< 

-(i-v -mt:^ij. •)•')- oaxwu i-V-llz 
coj:o^m^L^^'^m^^mdff-}^j:^>-^-^->hi,zm. 

-^xmSi^ith. :^^BMc^U^(^fzMz, JUi-V-X 

\y>'Jiii.1/J^y><--^ifi. Z.ZX<^Writ:^hZk<.z 
X^^^mkf.zt'>X^ht^t^j:i>X'3>^o , 
[002 1 3 02 (a) ±>J:t/2 (b) izti\,\X . 
BJ«o-^jg®(; J: S yr-ivo Kmi'^i:mi-thfzih<r> 
3Kf^-r>'W>^5 0*f^$<xTV^S. 3(g&ax>'NMX5 
0{±. Ofti:<bi^f^liiXX/m2(r>X-)i^m^AiiXX/ 
B 2:S^ii-S3ti6<?5iJ'-^< i: 1 iiXlf^2(7iX^ 5 
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4fcitX5 8Sr-S-tf. T>'NVX5 0(i, ii'-=3r< lo 

[00 22] "r^UxSOtt. ifitSfsi-^tr. -mm^ 
®(c*3v%T. ti^iSJi. mi t5it^|g2<7)i|i^fi|£3KtiitB 

S (SOA) 64t5XX/e6i>zX<0m^^tlh. #SO 
TV^Si^tC. {2fflSHW4, $IJ{9nrtgTi5 0 . so AO 

^$iz^\,^x<r>mmmizfcfrhm^i^cr>mifim^itir' 

h^iz^tt. 

[0023] ^^rSffllgJi, Leuthold^tCj: S"AI 1-Opt 
ical Space Switches with Gain and Principally Idea 
1 Extinction Ratios," IEEE Journal of Quantum Elec 
tronics, Vol. 34, No. 4 (April 1998) <OT. "Leuth 
old rtt^o) . fcitfLeuthold ^fc J: S "All -Optica 
1 Mach-Zehnder Interferometer Wavelength Converter 
s and Switches with Integrated Data and Control Si 
gnal Separation Scheme," Journal of Lightwave Tech 
nology. Vol. 17, No. 6 (June 1999) OUT. "Leuthol 

d ir'tv^d ) ^r^mcozt. 

[0 0 24 3 IljK$^^TV^•i)c^:p^c:. SOA64{4^ 
K6 2fc:*tjeU. SOA6 6«^«[K6 8tC*tfS-r-&. 

#jffeK6 2S-a-5T®iH-sA*3t«-f-A{i. msmtt 

ii. {iLnmti<pz Sr^-rs. ^tft-^AtJii/^Bti. mti 
S^7 0{ct5v^r^^$<i. ^zxi±. mme2is 
<j:t/6 8*^Ko^3. -if Dig (0' ) (r)nnm.mmttA 
tiiM^-^^7oi,zii\,^xmm^6 2tmm&e8 
t<Dmx'^th. ^Lx. m-n<^mmsii)^h<r)^m.-^i)^ 
\i^-^m^ 7 0 \,zmLh t § , wmxh o . a^T^ 
tim^i. ^-^AtjiVBOi^ti, aj:»3fi-f-ouT 

[ 0 0 2 5 J f^u ;^ 5 0J4. -'nM -m; — A:^fi-f-At} 
J:lXB^^-pv^T7'-;^oRifes»f^^^^T•rs. 
A, BtovTt<7:)m<7)mmi. 02 (b) (c^^^xt^^ 
^mmzTTi^tiXv^^. i^mm^zii, fi-tAfciye 

^mi^^^:t>'^*>f■^'J-OT-^b^►^:#. >'nM-M> — oc^ 

L\,^i-Mmn)m^i}miT(r)m^i:m'^x&m-rh. 
MM y - 0 izMfB-r h mi^^ o u T s-^^-t- 
[0 0 2 6] Ai^m^A^jttiBcDi-oco;^*^, -^/^^t 

::'33Km^OUT{4. ^NV-^'J-tllt^Lvv iClT. 



(6) !|t^2 00 2-989 3 1 

1 0 

^ W -M> - 1 A*3tfi-^tcMii^<t'^iX>t:3tm:^{4. tb 
:»3gf-^7 0t:i3V^T, fl!s<^A:'33tfi#<^-^-^Hl^i:fe 

-UZtth. 

[00271 A:>33tefi-^AtJj:I/B(^)M^r3!)*>NM i-y- 

mmtL^i^'oxmi3<r)mm.^i:m'^xmmT&. ^mwL 

Sig^0fflSt{afflB9^A<I>*>'HfDig (0* ) xhi><r>x\ 

xi3^^Ats^r/B<7)m:fjii. aj:^3Sf-&gi57 0{ctJv^ 

10 xmnxhh. UJt*^oT. M:^OA:^J5teft#('B9a-:5 

01(b) i3Xlf^(7immi<zin^ix.X\^h. 
[ 0 0 2 8 1 113 ( a ) ( b ) tCtJV^T. ^js:^ 

BM<D~mmmmiz J; ^ X O R y-;H8f^5r5I^T-r ■& Tti^ 
C03!^Sx>'nM X 8 0 ij/iTjk^tlX V^S . Jt^Sx^sW >^ 

8 0{4. :P-^<ti>mit5XX/^2cr)XiJ^m^Ai5J: 
y B Sr Sfif -5. tzib</i^-^^ <thmiiiXX/m2 ffiX-f] 
84J3J:tX88S-^tf. 7*>'U>t8 0J±. i!'-s5:<fc<01 

it. X-)i8AiiiiX/SS^mLX^tl^ix±m^Ai5i. 
y^B$-gm^S:t<i6<0|glfc<J:t^m2<0^iSSI9 2tJj: 
l^9 8$:^-r^. 

[.00 2 93 ■r>'N'-fX8 0{l. tiiUgst-t-tJ. -HMJ^ 
miiZawX . iiHiSgti . m 1 J: t;f|S 2 i04i«f4:3fclti(i 
S(SOA) 9 4feJ:i^9 6tcJ:0S©K5ttS. COfll 
EiclCJ:'). SOA94{4, ^^9 2t=*tJiEL, SOA 

9 6t4, mmi,9&i,zniBth. :&soa<±. ^<oitjs 

30 LT, A:^3fefi-§-A*4. mmix<i>i Srqg-fS«8yS9 

■thm^9QimLximi-h. 

10 0 3 0 3 3t^-f-AtJ<kl^B{4. ««a?86 2tJ J:lX6 

8iim*)^o\ii:hm^^\ooi,zii\.^xi^^^ixh, c: 

otan-(cj: 0. 180^(180- ) (r>imimmiri6. 
<s>tii. ^■^m^miooi.zi5\^xmm&9 2b9 8b<n 

ig-^SE 100 tiht^, imt^-ttixn 0 . K 

40 (±. ai^ft^OUTSr^tS. 

[003 1 3 x-'nMX8 0(4, >'<^-^'J-A:>3m-?-Ai3 

j:i;^Btc-p»-->Ty-;uxoRffeaiitE^si^f-r6. fi-^ 

A. BbOUTt<rm<r)^\i^ 03 (b) \,Z7n^txJ-z 

^m.mzm:^ixx\^^. m^mzit. m^AHiix/B 

i)^mzJU i-'J-OX'$>&b^. ^Ui'V-Ol,zmL^'> 

1 oo{ci3v^T, mffco-tjum^am'^^n. y<:^i-v 

[00323 A:;'3(i-tA* 7tt4B^7)-:fi^^o;^A^:^;^fi■f• 
50 Tt>t). fll5:^«OA*1I-^35«>'<-f-M>-lTftl.«^, aj 



(7) 



1tS2 0 0 2-98 9 3 1 



1 1 



1 2 



:hm^^ 1 0 0 ^Zi5\,^X . fl!5*■<0A*3t^i#<0-^;Hl■^ 
fi-§-OUTSr^t§. 

[0 0 3 3] S^roA^b^tft-^Afcii^B^^A^f-^y- 

K0<Offl«{4fflB3«A«l>*n 8 OS ( 1 8 0* ) Xt>i 
<7)T. M*OA:^3tfi^AiJ it/Bli. lii^m^7 0 10 

T^*^ >'^M-^!;-0(C^Lv^{^l:^fi■f■OUT$■^l:. 
4. C:iO>'-^'J:1-«. 01 (a) *J±lX-f-(75i»H3lCS^$ 

[0 0 34] 04 (a) fcit^4 (b) ICfcV^T. 

meo-mmmiz i s a n d T'-znof^s-ufi^ s ;t a 

com^my'^U X 1 1 OA^'^K^ixTV^S. 3ti&Sx>'N'^ 
XI 1 Oii, -eiX'fniJ'-^< ttmi t>J:l/SI2«0A:»] 
3tfi^?:Sfai-|. itHxryJf^s < k tig 1 ±5 it/SI 2 OA 20 
^)1 1 4fcJ:l/l 1 'f^<-ixi 1 0«±. iJ'-^r 

< 1 loco^^gS5r-^tf, -HSfeJBffitciJV^r. x>'^' 
10(i. mit}J:t^m2<^^SSl 3 2fcJ:tXl 

3 8^*-rs. 

[0035] tVnM 1 1 0 (±. iiHS^g t-^tf . -HM 

«@S(soA) 1 34tjj:i;fi seteioies^tis. 

donate J; •? . S OA 1 3 4 tiSIJSSS 13 2 tcitJS 
SOAl 38(i:^Jf&l 38tCJhriE-rS. #SOA 

-fLT, ^SfcBl 3 2$-aioT^tirS3efi 

■f-t±flrfflan<i>i$r*L, «^i 3 8im^xmm-r 

4 OlCtJV^TiS^^ixS. 

[0036] C<7)igff{c J: y) ^ njg ( o * ) iOfflJt{a 
mmixAOi)K tfl:^it^gPl 4 0tc*>V%T^^l 3 2 
k 1 3 8i:<0S(:^tl.. 3^im-f-A*SirXB{i, 

xm-^^tL. tii^m^ovTi:m&-ti>, x>'N'>f>?.i i 40 
-f'j-mzm-vx. ai:^«-^i4otfev^T. eeai 

[0 0 3 7] ^lt5j:tX^20A:^l 14t>J:t^l 18 
(i. m:'3-r'f><-<^^l3OlcJ:0^a[»13 2iJj:l/l 
3Sbm^^1xh. nJ]r<JUyi3 0\i. #A:^3(1 
■tl 14t3j;l^l 18iO-a55r. ##SjK1 3 2fcJ:lX 

13 8 tcfpjsr s . miif -t^uriso y v-v > 

^iy-a^'fJ'^^ X\42iiiilf-f =7^^-120, 124 



[0038] Jg=5rStB?fitC-:>V^T(±. Leuthold^lC J; 
^'Multioode Interference Couplesfor the Conversio 
n and Combining of zero and First Order Nodes." Jo 
urnalof Lightwave Technology, Vol. 16, No. 7 (July 

1998) (1-jlT, "Uuthold Iir'kv^-j) Sr#MOC:t. 
Yi^> >9i^a yf^U X 1 4 2 {4, <0A:^3'-K- h 
iiiX/'J'-KcK 1 1 2'0<0^f)r^-Yi:^-th'7}V-i-=t- 
(MM I ) ^r^Sr^tf. MM I /irvli. 

[ 0 0 3 9 ] MM I ?&r5{4. MM I :^y'v(r)'Jit:< Y 
V (geometry) izX-^X. lr>ttcli2':>i;j.±a)tii:}jm 
«»t H^ite-^-rS. iSfWt^ti. MMI;&r 

^cr)Xf)T-Ali. lii:hmmijimHzimL, -iX't 

-¥<Dm^x'2r)<oyth'-j^^mmthtzif><ox oje*-^ 

•rV-r^v-g V-l 4 20MM I<5, 3K«*iOS**- H*J 

c:ix{±. ^m-n(^ffi;m<r>U^itS.!Lhi.o\,zY=J-T 
^^^i^a^-l 4 2<?5aJ:^5rlE»f*»offiSr?)C:i:tCJ: 9 
l^^flS. Leuthold IIIS:#P.£r)^ t . 
[0040] -|lift?^®t;fcv^T. >'N''f :J^1 3 0 
«4. 3tm:'j^3:»-01T«'jaTS. Ly::**oT. Xfi^ 

ft-^Ao;^*^^-?-^ -^h 'J - 1 tc^tfc-r^s^^. m:^T -f -"n' 
>f^^i 3 0J4, A:^3fe(i-^AtcWjg-ri>3e«:ti<^2/3 
2:. ^jgS&l 3 2SrjlLTg}fl$-B:. 1/3S:*?&S51 
3 8S-ilLTf5Jf§-li--&. nm^Z, Xtl^^B<r>i^i}( 

^ui-'j-ii,zMm-t^m^. itmj:<^2/3^. mt 

\tmimi3 8t:mVXB.^^-t. 1/32:3?^13 
2$-)IUTf£filS-frS. 

[0041] ^«05t«:^)O^ie$-||3i-^^7ttf5{c, Y'J 

•vV^'i^3>'14 2l4. MMI;{^r7tfOA:^*»<>aJ:'j* 

?^®tct5V^T. Yi/A':^:?i^3>'14 2(i. mW^A-y 
y^Jy/m^i.zM^'thmO. Smmt^t^l. OmmcO 

^m.f}*\ n.-))'f< 1 3 0 1 J: ^mm^ 1 3 2 

iiX/l3 8\,z^^ixhZ.t1}K i^(Ck-?TB8<5*> 

X'h^o, 

[0042] I'fU X 1 1 0 14. M->f U -A:'3(i^A 
iJit^Btcov^T. 7'-;UANDf&JHStg^^-ri,. 
fi-f-A. BfcJ:y0UTS<^re<^(4. 04 (b) 
itA:jraffi^fc:«$ixTv^S. «tgWt:*4. fi^Afci 
tXB*>'M:^ri: t-'N'^f 0 T'J) •& t # , 
^&SS1 3 2iiXl/l 3 8$r3lLTA:»3l 1 4*5j:y^l 
18*»'5,fi«H-5. ai:?j«-^l 4 0t=tJV^T, ^iSK 
1 3 2*5j:iXi 3 8*»4>^o-^;^m■^<30ffi:^r*<^-^$^^. 
>'N''f t- 'J - 0 tcis^s ii^^ t-/uiil:'33\yi-^o u t 



1 3 

10 0 4 3] A:^3^i^Ai7t{iB<7)-:fi^c7);^^*^-^;^fi-^ 

is^s ai:;3fi#ouT{±. ^NM-^'j-otcift^^fi^,. 

^^iot-, m:^T'f^<'f^^l 3 0l::J:OtJ^S'J$ix&. » 
SOS (180* > <^Mt:4fflit<Sttii^7hS"^tr. 

[0 044] Leuthold I fcit/ Leuthold II 5r#BiO 
Zt. --mtmmiZ)3\^X . «-SOAJi. i!!«JlmW(?)3t 
«:'3COgftt=BSgLT. M^:-&fflmffli^7h (180 

cr)X:h m^i}- hco%%ti<r> 1/3 <r)^mzn 
mtt . t,zWiM^ixtz-~:H<r>X-^m^i}^(y 

<7m^-)j<r>mmi 1 3 2 1 3 8 fcorao^E**, a* 

s-grgei4 0(rfc(ts5S®e<jT^^?i§gi-r, #f>ix 

jio-c^M-^st, v^M:^u-o^c>r^^5■rs«l3^:^)S• 

mm-hZbiiZtt:h.1^^b LT. a5:>3S^14 0te 

[0045] A*3tfi#Afc itXBCOM**^. -MJ 

3 2*>J:l^l 3 8$raLT^L<efirrS. 
fflMfi[ffl£^7h A HfnjK (0- ) T-^iSi:. A:^ 
3tft-^AJ3^tXB«OM:^*^ ai:^3g^^l4 0(Ct5V^ 
T. SVHc|sIffiT-$)S. ^>t. 3 2*5j:t/l 3 

$ix'Srv\ L:^*<oT. mffcoxiiimmzmm-h^ 

[0 04 6] 05 (a) tJj;tX5 (b) {CfcV^T. 

i ^ N O T y-zmi^^m^-th tznt) 

<DM^m-T^<i^ X, fip*>^ 1 5 o*«^$ftrv% 
^. 3fcf&aT>'N*'f X 1 5 oti. ^j^'^K b tmi<r>xi}^ 

fl-f-A 2rSft-r S tzibcO'J'-^ <t.i>mi iTiX-fy 15 4^ 
^tr. f^U:^i 5 0(i, m2<OA:?3l 58{:fcv>T$iJ 
fflI3tffi-f-C LOCK S-S^i-r 4 . $lJtJf M-f-C LOCK 

«±, -f y- 1 (cwjE-r-s.3tt'-/ h(7)x h 'J -AT'«> 

[0 04 7] 50{i, ^j'-^<tt 10 

<7)^SIS:-^tf. -HtfeJgffifctJV^T. T>'N'-fXl 5 0 
lll*5J:lX^2<7)#«a»162i3j:t/'1685:W-t 
mi*SJ:t/gP2<0SSSSSl 6 2iJj:t^l 6 8*±, -f- 



(8) 1*^2 0 0 2-989 3 1 

1 4 

fl^tL. 3t<i-^AtJj:lXC LOCKS-, A:^15 4t5J: 
l/l 5 8Sr)lUTSft-r'&. "t^U 5 0(i. timS 

2<Oi|^<*3tiii|gfS (SOA) 1 64t5J:l/l 66J:J: 
OSeS$<iS. C:<^fllfig{cJ:0, SOAi6 4{±, 
SSI 62tC*tJ5L, SOAl 6 6(4, ^jSa?&l 6 8t*f 

[0048] -eLT, A^j7fc«-^A{i, {afflafi.<i>i ^ 

10 ^-thmmM 1 6 2 4^ SrfSfS L , $lJ«3tfi-^C LOCK 
Ji, {afflSix<D2 2-ifi-rs»«feSSl 6 84'$:gJS-rS. 
3^5m-f-At5j:l/CLOCK(4, Siimi 6 2t5j:t^l 6 
8*<K0-^^ai:>3«-&gi51 7 0teJsv^Ti^-^:^fiS. 
c^iftH-tciO. 18 0^(180- ) OfflitfiffliiixA 
aj:>3«^l TOtCfcV^T, #«fe881 6 21: 1 6 

^1 TOtciStt^^tSJl-^. {affl*J-^T, 5S«WT 

^S^Sifcfc^r-i>. $lJffllfi#CLOCK<0#ffitCi3 
{tSA*3te<l#A<0ffl-&iy^Ji, HJl^fi^OUT^^t. 
20 ^. 

[ 0 0 4 9 ] ■tv'nM X 1 5 0 >'N'-f -^ y -A:^«^A 

iizr>\\xy-)V'noTwmmm:mi-r^, x■)^m^A 

tai^Jfi^OUTfcoraiOMflfi. 115 (b) fc^$ix 

ai:*33tfi-^ouT«. >'^''f-^y-lfc:^L 
v^. c:::t'. ^'NM-f-y-oic^Lv^rhyWt^A^SEjfi^i 
6 2S:jlLTeJSL, ©Jfflld-f-^ n .y o^nM -^y 
- 1 OX h y -A**, ^a^SS 1 6 8 S-ii L-CfsJf 1- S . 
aj:>3«^17 0tC*5l^-C, $lJfflI^t#^'a«x^O>'^M-^ 

30 y — 1 1 <D>' N'-f -:^ y - 0 ±)vm^cr>m:^\t ^ y 

- 1 L V ^ai:^33fc^t•^o u Tic^ri, . 
[0050) A:>33^5«-^A3&«y<>f ^y- 1 TASi®-^, 
fl-^At3j;i;CLOCK3&>4.<03K«:^(i:, ^^SS162 

axxf 16 8 srii-^Tfes-rs . ^m^^f^cnmnm^i 

gflA<&*n 8 OJg ( 1 8 0* ) T-*).2.0T\ {I#A*5 
it/CLOCKti, aj:>3^^1 7 0{CfcOTSVHCfi 

- 0 L V ^ai:*3m^O U T 5:^ t S . 
40 [0051 ] ^mmT^U X 1 5 0 {i. ±3^ t7t:fl!j<7)j| 

Sgfc-rS. -f-LT, r-;WNOR|Sf^*<. l2l2O0RiS 
Sy- h 5 0 5: N OTi&S-ry^-f X 1 5 0 i: 
S ^ t {c J: OII3l$iif#i, i: t o-CHB/i,*- 
X'h^o. nmz^ NOTtfiaxysMxi 5 02rl2l3<7) 

XORf^T>'N'>fX8 0i:ft{:<S6fflLT. X-NORfft 
S-r''<^x$r«J|gt::-r-S>. ll4c7)ANDISS-T>''^-f x 1 
1 O^T/N'^fXl 5 0<ONOT|Sai6f^fcffi;^-&i5-fr|, 
ZtX\ NANDS|3Hgtg$-f#S. 
50 [00 52] 06 (a) feJ:lf6 (b) fctiV^T. 



(9) !Wf^2002-9893 1 

15 16 

5(i. 02 (a) (Oif(MStimy'^<-( xtMrnmiz. f-iv \t. mmm.\,z.ii\^hmim^%x'h'^ . -mz>^t:>K 

OKWsmWk^<i'fhtdi^<n-^A'r)VVy=^)mim. X\^h. Hill. pp. 175-182 Sr#.^<7)C:fc. nmiriM 

:^sQ):.nmzm.^-fh. 'ss,(rMmii^\f^m:=^m ^^')-tm^^\^. ffi:^(i-^suMi3j:vcARR 

^ST'*-?>-9. *t*5t-5KSffi^*N US (b) \iZ.5h^ixX^^h, 

[00 5 33 07 (a) fcit/T (b) (Ctsv^T. 3|s^ t^nM ;^ 2 5 0«d, [^»€:-&tTfllJiOSc^ 
HflC0S<l<O^JfeJgSfc:i&3fc2b'-y h>'\M-^U-JlUrS2 10 Ml/t-<BIfl*><50b'-y MgcfcfcftSH^&^'<U- 

0 03&^^$ixTV%S. 2b' y h/N'-f -^-U-jDSCfm, - v'a J: o tc^fig-T-g. i:*^T'§: 

hftX^^h, Hill, pp . 175-182 S: t. [0058]ll9lcfcV>T. *%BB«OSiJcO|IMJ^® J: 

)<.^^\)-tvm.^2Q 0J4. r-;uxoRii)f^$-||ffr 4-r-:J'$-Hg^-fl:-rs;twco5tT>\->f X3 5 0*Jjj^$iX 
htdh<rmfft'^^ X2 1 o*jJ:Vr-;UANDiftf^^|| Tv^?,. Bg-^t-r^'NV >C3 5 014. ^^^--J 
'<rrS;t&^c7)3tx>'N''fX2 2 0Sr-ttr. ^'n^-MI-JdS 3 6 Ofcit/r^feBf^-fbSS 7 Olc J; ^- 
*|200{4. t>-r'f>'^^7'n'y:J'i: LTCCLlc^Uc i^'x^^W—^' 3 6 0(4, JJ^ L/ir-^'O-^riaiiMfi?: 

[0054] ifW^(r)—%WBWiZii\\X , 7K•r>'^'■^ —^Xhh . Schneier J;tX Koopman ^#ra(7)<r 4: . 
2 10J4s 03OXORy-h8O(;J:O^$ii. 3t i^'x^-l^-rJ' 3 6 0(4. fi?«;i{f . 'J^T^^-hVN'.y^' 
xyN'-f>^2 2 0{4, 04<7)ANDy-M 1 OtCt OH 20 hU>''X:J' ( LF S R) COi d^i^(3tt^.ix-t 

im^2Q 0(4. -Ml-fi-f-Atiil^B «^^r1SJ«^fiefflUTieK$fL?f -|ISfiJg®tctJV> 

{^OV•>T>'^'-Y■^'J-JD»^rll^TL.. ffil^fl-f-SUMtJi T. 3e^-i'*x^>U-^' 3 6 0(4. 5^^-Sr^-r.S.7t 

IfCARRYSr^tS. 2 b'«y h^sM ■^-'J-JD»S§2 0 *^<?5b';U-f ^ >';/ya>y^'i; LT<?)^SC«^i&a-r>'<'f 

0<^Stg{CitlB-rS^«^3&«. 07 ( b ) (CS^$iiT X^-^tf. 

V^l.. [00 591 >''x:t^lx-^3 6 0$-J^«-r^3\ii&g-f>'N' 

[00 5 53 ±^L7t3feffe3S-r^NMx(4. ^$iiT. -fx{4. ±^L/c2|s:^BflO|ISfeJgSbi)>^>||31§W#S. 

i^-' )^^::^lHl!». ^U-yr^Uyr. -r 3-:^. ^NVkr i^x^U-:*' 3 6 0(4. ^^(r»/i>ixTl^S J: 3(C. 

-f^xy;*-. i^7M^>''X:5'. U -T7 - Hy\-.y ^ h 'J;jri/i{4^a-y i?fl-f-C LOCK, feil/ftO^jgC 

hUv-'Xr^'. L;-r3:xj5^yPxy:?;P (congruenti (initial number) SrSff-TS^ t(CJt?^LT. iii:?jK 

al) >''x^M^-:J'. -rV/W 30 EYSrrtti). Schneier feiyf Koopman 2:#,^<^^ 

f-ru^-^-. Sia^y^AfSS/x^U-^'. ;^-r-hV *Bf#-fkS3 7 0(4. =^r->?x^U-^'3 6 0{O3t 

i3iT/l[ffitfeaj---y h^rt'coJ:d^«ff-r>'N' ^-fi-^*JJ:l/'x-;5'fi-f-DATAcoxhy-A$rSfl 

-fxSrj^fiS-rs. c:ixi?><oiilfl:-f>'NM;^(c-ov^Tco|g^r -^5. c:ix(c|&§:L.t:. Bt#-fbS3 7 0(4. encry 

Sffi^(Z-OV>T(4. Buchsbaum (:J:S Encyclopedia of PTED DATAaJ:*]^-^-^-!). S=5:Slli(0^»(C 

Integrated Circuits. Prentice-Hall 1981 2:#gg<?!) fcV^T. 3tBi^^t:SS 3 7 0 (4 . df- yx;t>^-:J' 3 6 0 

Cfc. iJt, Hill Hi^Xf Koopman Sr#,^COC t . *^^>3^fi-^KE Y' tgft-TI). 3tfl-tKEY' (4. 3fe 

[ 0 0 5 6 3 08 ( a ) ( b ) (Ci^V^T. (f-^KE Y<7){i)[ffl*iSiXfC>'N'->''3 ^T'ife-?.. ^ft-^K 

BB<OgiJ<OSIife3^filfc:i&3tacii(^r''<'fX2 5 0*«^$il E Ytitm-^KEY' i:cofSI<r3fflit{il[fflaix(4. f'-^' 

TV^^. »(#t^nM;^2 5 0(4. XORM^^SrHfi^-r^ fl^D ATA«7)3tX h y-Aj&^^jiO-r-r^^Ob'-y hfgfc: 
/c*^<7)5l6x>'NMX2 6 0fcJ:t/28 0. ANDi&f^S:^ 40 nVEith, 

frtht:if)(r>^T^U X27 Ot5iX/2 9 0 . teJrtXO [0060 3 ■r-:J'ft-^DATA<03t;^N'J-AfcJ:lJf 

RK)f^Sr^-f4/ia^)c^3t-f^NM;:^3 0 0S-^tP. Ktt JtS-^KE Y*-i^cOb'-y h^gft-f^^iiT'. Bf^Ytfs 
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